The establishment of sister chromatid cohesion globular hinge [15]. A putative DNA and ATP binding domain is located at the distal end of each arm [16], during S phase and its dissolution at the and the hinge appears to be flexible enough to allow a metaphase-anaphase transition are essential for the "scissoring" action of the V-shaped molecule. On the basis faithful segregation of chromosomes in mitosis of this unique structure, and in order to explain the cellular Condensin has been shown to reconfigure and Figure 1a ) and examined their DNA binding properties binding to supercoiled DNA may reflect the ability of
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The establishment of sister chromatid cohesion globular hinge [15] . A putative DNA and ATP binding domain is located at the distal end of each arm [16] , during S phase and its dissolution at the and the hinge appears to be flexible enough to allow a metaphase-anaphase transition are essential for the "scissoring" action of the V-shaped molecule. On the basis faithful segregation of chromosomes in mitosis of this unique structure, and in order to explain the cellular To test this idea, we purified conanother major SMC protein complex that drives densin and cohesin complexes from HeLa cell nuclear chromosome condensation in eukaryotic cells [11] . extracts by immunoaffinity column chromatography ( [9] ;
Condensin has been shown to reconfigure and Figure 1a ) and examined their DNA binding properties compact DNA in vitro by utilizing the energy of ATP by a gel shift assay. The human condensin complex bound hydrolysis [12] . Very little is known, however, about directly to double-stranded DNA and displayed a discrete how cohesin works at a mechanistic level. Here we set of shifted bands (Figure 1b , left), which is consistent report the first set of biochemical activities with the results that we obtained previously by using the associated with an intact cohesin complex purified condensin complex purified from Xenopus laevis eggs [12] . human condensin complex efficiently supported the knotting of DNA (Figure 2a, lanes 1-4) . In contrast, no knotting was observed with cohesin. Instead, the cohesin complex promoted the formation of intermolecularly catenated DNA molecules (Figure 2a, lanes 5-9) . The action of cohesin was apparently cooperative; at low concentrations of cohesin, multiple catenanes were already detectable without an obvious accumulation of oligomeric intermediates (Figure 2a, lanes 6 and 7) . When the final products of the catenation reaction were treated with topoisomerase II or a restriction enzyme after deproteinization, they were converted into nicked circular monomers ( Figure purified fraction of human cohesin was fractionated further on a After five minutes at 37ЊC, the DNA was deproteinized, was heparin-Sepharose column. Aliquots were either resolved by SDSfractionated in an agarose gel, and was visualized by Southern blotting.
PAGE and stained with silver (top panel) or used in a gel shift assay The transfer efficiency of the large multimeric catenanes is variable, other two assays.
Condensin and cohesin share a similar structural organization; each complex is composed of a heterodimeric pair for the molecular "glue" that holds two sister chromatids together [9, 19] . Our current results, which we obtained by using a whole cohesin complex, provide the first set of SMC subunits and two or three non-SMC subunits of biochemical evidence that is consistent with this idea. [14] . Several lines of evidence suggest that the SMC subOf particular interest in the future is to understand how units are the major DNA binding components [16, 18] . the action of cohesin is regulated during DNA replication It is therefore surprising to find that the two SMC protein when the linkage between sister chromatids is established complexes display strikingly different DNA binding propand how cleavage of a cohesin subunit at the onset of erties. Nevertheless, the current results support our previanaphase destabilizes the linkage. The current study lays ous proposal that the primary action of condensin is firm foundations for addressing these important questions intramolecular DNA folding, whereas cohesin stimulates at a mechanistic level. intermolecular DNA interactions [14] . We still do not know how the two SMC complexes might be able to
Materials and methods
distinguish between the two modes of DNA interactions.
Purification of the human cohesin and condensin complexes
We speculate that the putative DNA binding domains at By using an antibody against the C-terminal peptide of XSMC3, we the ends of the SMC heterodimer could be arranged into affinity purified human cohesin complexes from HeLa cell nuclear extracts different angles with respect to the coiled-coil regions in buffer B-gly (20 mM K-Hepes [pH 8.0], 0.1 M KCl, 2 mM MgCl 2 , 0.2 mM EDTA, and 10% glycerol) as described previously [9] . We similarly in condensin and cohesin complexes ( Figure 5 ). Each purified human condensin complexes from the flowthrough fraction of particular arrangement would then dictate the ability of cohesin purification by using an antibody against the hCAP-G subunit.
both ends of the complex to interact simultaneously with
The subunit organization of the human condensin complex (Figure 1a) contiguous or noncontiguous DNA segments. Alternais identical to that of its Xenopus counterpart and will be described elsewhere. Before use, human condensin was phosphorylated in vitro tively, cohesin might form a higher-order assembly on 
